BACKGROUND/OBJECTIVES: As salt preference is known to cause hypertension (HTN), the present study was conducted to assess the impact of preference for salt on sympathovagal imbalance in prehypertensives by spectral analysis of heart rate variability (HRV). SUBJECTS/METHODS: Body mass index (BMI), basal heart rate, blood pressure (BP), rate pressure product and spectral indices of HRV such as total power (TP), normalized low frequency power (LFnu), normalized high frequency power (HFnu), ratio of low frequency power to high frequency power (LF-HF ratio), mean heart rate, square root of the mean squared differences of successive normal to normal (NN) intervals, the number of interval differences of successive NN intervals 450 ms (NN50) and the proportion derived by dividing NN50 by the total number of NN intervals were assessed in 555 subjects divided into four groups: Group 1, normotensives no-salt-preference subjects (n ¼ 260); Group 2, normotensives salt-preference subjects (n ¼ 185); Group 3, prehypertensives no-salt-preference subjects (n ¼ 25); and Group 4, prehypertensives salt-preference subjects (n ¼ 89). Sympathovagal balance was analyzed and contribution of individual factor to sympathovagal imbalance was assessed by regression analysis. RESULTS: LFnu was significantly increased (P ¼ 0.009), whereas TP and HFnu were significantly decreased (P ¼ 0.024 and 0.007, respectively) in the salt-preference groups compared with the no-salt-preference groups. LF-HF ratio, the sensitive indicator of sympathovagal balance, was significantly increased (Po0.0001) in salt-preference subjects compared with no-salt-preference subjects. In regression analysis, the link of LF-HF ratio to HTN status was found to be more prominent in the salt-preference group (P ¼ 0.000) compared with the no-salt-preference group (P ¼ 0.004). BMI had no significant contribution (P ¼ 0.818) to LF-HF ratio in salt-preference subjects. CONCLUSIONS: Salt preference is associated with sympathovagal imbalance caused by sympathetic overactivity and vagal withdrawal. Sympathovagal imbalance is more intense in salt-preferring prehypertensives compared with salt-preferring normotensives. Sympathovagal imbalance in salt-preferring subjects is independent of BMI. Thus, salt-preferring subjects should be encouraged to restrict salt intake to maintain their sympathovagal balance and BP homeostasis.
INTRODUCTION
The contribution of salt preference to essential hypertension (HTN) in human beings 1, 2 and experimental HTN in animal models 3 has been well established long before. Several studies on salt sensitivity, responsiveness, preference and appetite in normotensive and hypertensive individuals have yielded progression in the understanding of diagnostic, predictive, mechanistic and therapeutic facets related to HTN. 4 Recent studies indicate the close link of salt sensitivity to sympathetic activity and insulin resistance in hypertensive patients. 5, 7 However, no study has been conducted yet to assess the role of salt preference in the genesis of prehypertension. Prehypertension has recently been reported to be associated with damage to the coronary vasculature and adverse cardiovascular events. 8, 9 Though, several reports confirm autonomic imbalance in hypertensive patients 10, 11 and explain sustained sympathetic overactivity as the major pathophysiological basis for genesis of essential HTN, [12] [13] [14] there is paucity of data on the nature of change in autonomic balance that slowly develops the normotensive state into the state of prehypertension. Recent reports from our laboratory, based on the spectral analysis of heart rate variability (HRV) and assessment of other autonomic functions, reveal that sympathovagal imbalance in the form of sympathetic overactivity and vagal withdrawal contributes to the development of prehypertension and HTN in Indian population. [15] [16] [17] We have reported that prehypertension is more prevalent in males, and vagal withdrawal is more prominent compared with sympathetic overactivity in male prehypertensives. 18, 19 We have also reported that in young prehypertensives with parental history of HTN, sympathovagal imbalance is more intense in offspring of two parents hypertensive compared with the offspring of one parent hypertensive. 20 However, the precise etiology of sympathovagal imbalance in prehypertension has not yet been fully established. Recent reports have suggested the significant contribution of obesity and salt sensitivity to the causation of HTN. 6, 7, 21 Spectral analysis of HRV has been used as a sensitive tool for assessment of autonomic dysfunctions in various clinical disorders. 22 Therefore, in the present study, we have assessed the link of body mass index (BMI) and salt preference to sympathovagal imbalance measured by HRV analysis in healthy prehypertensive subjects.
MATERIALS/SUBJECTS AND METHODS Subjects
After obtaining the approval of Research Council and Institutional Ethics Committee, of Jawaharlal Institute of Post-graduate Medical Education and Research (JIPMER), Puducherry, India, 555 subjects were recruited from various undergraduate and postgraduate courses of JIPMER. Subjects without any health problem were considered for the study and written informed consent was obtained from all of them. They were classified into normotensives and prehypertensives based on their level of systolic and diastolic blood pressure (BP) as per JNC-7 classification. 23 Each group was further sub-classified into salt-preference and no-salt-preference group, based on the following questionnaires.
1. Liking for type of food: salted foods/other foods 2. Given the option, type of food you would prefer and eat more: salted food/other foods 3. Do you add extra salt to the food while eating?: Yes/No If the answer was 'salted food' to at least one of the first two questions and 'Yes' to the third question, the subject was classified as 'Salt preference', otherwise classified as 'No-salt preference'.
Thus, the subjects were classified into the following four groups based on their BP level and their preference for salt:
Group 1 (Normotensive, no-salt-preference subjects; n ¼ 260): Healthy subjects having systolic BP 100-119 mm Hg, diastolic BP 60-79 mm Hg and having no preference for salt.
Group 2 (Normotensive, salt-preference subjects; n ¼ 185): Healthy subjects having systolic BP 100-119 mm Hg, diastolic BP 60-79 mm Hg and having preference for salt.
Group 3 (Prehypertensive, no-salt-preference subjects; n ¼ 21): Healthy subjects having systolic BP 120-139 mm Hg, diastolic BP 80-89 mm Hg and having no preference for salt.
Group 4 (Prehypertensive, salt-preference subjects; n ¼ 89): Healthy subjects having systolic BP 120-139 mm Hg, diastolic BP 80-89 mm Hg and having preference for salt.
Exclusion criteria. Subjects having systolic BP X140 mm Hg and diastolic BP X90 mm Hg, receiving any medication, and with history of smoking, diabetes, HTN, kidney disease or any endocrinal disorder were excluded from the study. Subjects performing regular athletic activities and bodybuilding exercises were also excluded from the study as regular practice of physical activity is known to affect vagal tone. 24 
HRV recording
Subjects were asked to report to the autonomic function testing laboratory of the physiology department at about 0900 hours following a light breakfast, without tea or coffee. Informed consent was obtained. After 15 min of supine rest on a couch in the autonomic function testing laboratory, ECG was recorded for 5 min for short-term HRV analysis following the procedures as described earlier [15] [16] [17] [18] [19] [20] using BIOPAC MP-100 data acquisition system (BIOPAC Inc., Goleta, CA, USA) and AcqKnowledge software version 3.8.2 (BIOPAC Inc.). For recording of HRV, recommendation of the Task Force on HRV was followed. 25 HRV analysis was done using the software version 1.1 (Bio-signal Analysis Group, Kuopio, Finland) and the following HRV indices were recorded.
Frequency-domain indices: Total power (TP); Normalized low frequency power (LFnu); Normalized high frequency power (HFnu); and LF-HF ratio. Time-domain indices: Mean heart rate; Square root of the mean squared differences of successive normal to normal (NN) intervals (RMSSD); The number of interval differences of successive NN intervals 450 ms (NN50); and The proportion derived by dividing NN50 by the total number of NN intervals (pNN50).
Recording of anthropometric indices and cardiovascular parameters
Age, height, body weight and BMI were reordered. BP of all the subjects was recorded in the autonomic function testing laboratory. The temperature of the laboratory was maintained at 25 1C for all the recordings. Omron (s.e.m. 1 Model), the automatic BP monitor (Omron Healthcare Co. Ltd, Kyoto, Japan) was used for BP recording. The cuff size of Omron was 121 mm (width) Â 446 mm (length). The length of the cuff tube was 600 mm. For BP recording, the subject was asked to sit upright with back straight on a wooden armed chair keeping one forearm on a wooden table kept in front and close to the subject. The height of the table was such that the middle of the arm placed on the table approximately coincided with the level of the heart. The subject was asked to keep the other forearm on the side hand rest of the chair. The BP cuff was tied just tight (neither too tight nor loose) on the arm approximately 2 cm above the cubital fossa. It was ensured that the BP cuff was at the level of the heart. After 5 min of rest in the same sitting posture, the 'Start' button of Omron was pressed that automatically inflated and deflated the cuff and systolic pressure, diastolic pressure and basal heart rate (BHR) were noted from the display screen of the equipment. All these parameters were recorded in each arm two times at an interval of 5 min between the recordings, and for each parameter the mean of the four recordings was considered. Rate pressure product was calculated using the formula, rate pressure product ¼ systolic pressure Â heart rate Â 10 À 2 .
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Statistical analysis of data SPSS version 13 (SPSS Software Inc., Chicago, IL, USA) and GraphPad InStat softwares (GraphPad Software Inc., San Diego, CA, USA) were used for statistical analysis. All the data were presented as mean±s.d. Normality of data was tested by Kolmogorov-Smironov test. For parametric data, the level of significance between the groups was tested by Student's unpaired t-test and for nonparametric data, the Welch's corrected t-test was used. Statistical analysis of data within the four groups was done by two-way analysis of variance. The independent contribution of variables to sympathovagal imbalance (LF-HF ratio) was assessed by linear and multiple regression analysis. P-values o0.05 were considered statistically significant.
RESULTS AND DISCUSSION
In the present study, the percentage distribution of salt preference (49.37%, 274/555) and no-salt preference among young Indian adults (50.63%, 281/555) was almost equal. However, the percentage of prehypertensives among the no-salt-preference subjects taken together (7.47%, 21/281) was significantly low compared with the percentage of prehypertensives among all the salt-preference subjects taken together (32.48%, 89/274). Moreover, among the prehypertensives, salt-preference subjects constituted 80.9% (89/110, with only 21 being no-salt-preference prehypertensives). Thus, the present study highlights the prevalence of prehypertension in salt-preferring subjects in the young Indian population. In the present study, BHR was significantly increased in prehypertensive subjects compared with normotensive subjects, and among both normotensives and prehypertensives, the increase was more in salt-preference subjects compared with no-salt-preference subjects ( Table 1 ). The HTN status and saltpreference status had independent significant effect on BHR (Po0.0001). However, interaction between HTN status and salt preference had no significant effect (P ¼ 0.655) on BHR, indicating that both HTN status and salt preference affect BHR in a similar trend yet independent of each other's influence on this parameter. This suggests that the influence of salt preference on BHR in normotensives and prehypertensives was comparable. In fact, interaction between HTN status and salt preference was not significant for all the study parameters, except for LF-HF ratio. Significantly less BHR indicates a considerable decrease in vagal tone in salt-preference groups, as increase in resting heart rate is an index of poor vagal tone. 27 TP of HRV of salt-preference normotensive subjects was less compared with that of no-saltpreference normotensive subjects ( Table 2 ) that represents a substantial decrease in HRV even in normotensive salt-preference subjects. This indicates decreased power of vagal drive in subjects having preference for salt as TP, in general, reflects the vagal potency of cardiac modulation. 22, 25 Also, decrease in TP in prehypertensive salt-preference subjects was significant compared with TP of normotensive salt-preference subjects. Further, the magnitude of decline in TP was maximum in saltpreference prehypertensive subjects, indicating that saltpreference subjects having prehypertension are at a greater cardiovascular risk as decreased power of HRV has been reported to promote cardiovascular morbidities. 28 This was further supported by a decrease in HFnu in prehypertensive saltpreference subjects, as HFnu specifically represents vagal drive to the heart and decreased vagal tone is associated with cardiovascular morbidities. 29 Among time-domain indices, RMSSD is considered as an important indicator of parasympathetic tone as it computes differences in consecutive RR intervals. 25 As RMSSD was considerably less in prehypertensive subjects compared with normotensive subjects in both the no-salt-preference and saltpreference groups, cardiovagal inhibition is clearly evident in prehypertensives compared with normotensives, which was more prominent among salt-preference subjects. As NN50 and pNN50 represent beat-to-beat parasympathetic modulation of sinoatrial nodal discharge, 25 decreased NN50 and pNN50 in prehypertensive subjects of both the groups confirm the nature of cardiovagal inhibition in this population. The report of present study of vagal withdrawal in salt-preference subjects, especially in prehypertensives, is the first of its kind as there is only one report till date of decreased vagal activity in salt-sensitive subjects subjected to mental stress. 30 Increased LFnu in prehypertensive compared with normotensive subjects and in salt-preference subjects compared with no-salt-preference subjects (Table 2) represents increased sympathetic activity in these subjects as LF power represents the state of sympathetic drive. 22, 25 LF-HF ratio, the sensitive measure of sympathovagal imbalance, 22, 25 was significantly increased in prehypertensives compared with normotensives (Po0.0001) and in salt-preference group compared with the no-salt-preference group (Po0.0001), which indicates a heightened sympathetic discharge in salt-preference subjects and it was maximum in prehypertensives. From findings of the present study, LF-HF ratio appears to be a better marker of the effects of salt preference and HTN status on sympathovagal imbalance, as both HTN status and salt preference had significant influence on LF-HF ratio compared with their influence on LFnu or HFnu alone. Moreover, the interaction between HTN status and salt preference for LF-HF was quite significant (P ¼ 0.0002), indicating that influence of salt preference on HTN status in normotensive and prehypertensive subjects are different. The sympathovagal imbalance was more intense in salt-preferring subjects compared with that of no-salt-preferring subjects. Therefore, in no-salt-preference group, the rise in HTN status from normotensive range to prehypertensive range was gradual, whereas in the salt-preference group the rise in HTN status from normotensive range to prehypertensive range was steep, as depicted in the graph of estimated marginal means of LF-HF ratio (Figure 1 ). These findings suggest that salt preference contributes to sympathovagal imbalance that facilitates the progression from the state of normotension to prehypertension. Although there are many reports of increased sympathetic activity in salt-sensitive subjects with HTN, [5] [6] [7] 31 till date there is no report of vagal inhibition in salt-sensitive prehypertensives. Findings of present study depict the contribution of both vagal withdrawal and sympathetic overactivity in the genesis of prehypertension in salt-preference subjects. Comparison between the no-saltpreference group and salt-preference group. P-values o0.05 was considered statistically significant. The HTN status had significant influence on all parameters except age, and salt preference had significant influence only on cardiovascular parameters but not on age, BW and BMI. There was no significant interaction of HTN status and salt preference for all the parameters.
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In salt-sensitive subset of HTN, there is a significant accentuation in BP response to change in dietary salt intake. [32] [33] [34] Although from this study the exact cause of sympathovagal imbalance in salt-preferring prehypertensives cannot be definitively ascertained, higher BMI in these subjects could be assumed to be a potential contributor to it as increased BMI is known to cause autonomic imbalance. 35, 36 Also, a recent report from our laboratory has documented the contribution of BMI to sympathovagal imbalance in middle-aged prehypertensives. 37 Although BMI had some influence (Po0.06) on LF-HF ratio in the no-salt-preference group (Table 3) , it had no significance (P ¼ 0.818) in the salt-preference group (Table 4) . Also, the contribution of HTN status to LF-HF ratio was more prominent in the salt-preference group ( Table 4 ) compared with that of nosalt-preference group (Table 3 ). In addition, linear regression analysis after adjusting BMI as a confounding variable in the saltpreference group revealed a similar link of HTN status to LF-HF ratio without significant contribution of BMI (Table 5) . Thus, from the findings of the present study, it appears that BMI has no significant link to sympathovagal imbalance in salt-preferring prehypertensives. As insulin resistance has been suggested as a possible link to sympathetic overactivity in salt-sensitive HTN, 7, 38, 39 the role of insulin causing sympathovagal imbalance in the genesis of prehypertension in salt-preference subjects should be assessed in future studies.
Higher BHR has been documented as a known cardiac risk factor. 40 Hence, increased BHR (Table 1 ) with significant decrease in HRV in salt-preferring prehypertensive subjects predisposes them to cardiovascular morbidities. Significant influence of HTN status and salt-preference status (Po0.0001) with increased systolic BP in the prehypertensive and salt-preference groups (Table 1) indicates the close association of rise in BP with sympathovagal imbalance in these subjects. Diastolic BP is the reflection of peripheral vascular tone and resistance. 41 In the present study, significant influence of HTN status (Po0.0001) and salt preference (P ¼ 0.003) with increased diastolic BP (Table 1) indicates that sympathovagal imbalance is associated with the state of vascular tone in these subjects. Moreover, HTN status Abbreviations: HFnu, normalized high frequency power; HRV, heart rate variability; HTN status, hypertension status; LF-HF, ratio of low frequency power to high frequency power; LFnu, normalized low frequency power; NN50, the number of interval differences of successive NN intervals 450 ms; NT, normotensives; PHTN, prehypertensives; pNN50, the proportion derived by dividing NN50 by the total number of NN intervals; RMSSD, square root of the mean squared differences of successive normal to normal intervals; TP, total power of HRV; Data presented are mean±s.d. Analysis is done by two-way analysis of variance to study the effect of hypertension (HTN) status, salt-preference status, and the interaction between HTN status and salt-preference status.
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Comparison between normotensives and prehypertensives. Comparison between the no-salt-preference group and the salt-preference group. P-values o0.05 was considered statistically significant. Individually, the HTN status and salt preference had significant influence on all parameters. The level of significance was maximum for LF-HF ratio. Except for LF-HF ratio, there was no significant interaction of HTN status and salt preference for the HRV indices. In the no-salt-preference group, the rise in HTN status from normotensive range to prehypertensive range is gradual, whereas in the salt-preference group, the rise in HTN status from normotensive range to prehypertensive range is steep. alone was independently linked to LF-HF ratio (Tables 3 and 4) , in which the significance was more in salt-preference subjects (P ¼ 0.000) compared with the no-salt-preference subjects (P ¼ 0.004). Also, recently we have reported that increased vascular tone in prehypertensives occurs due to altered sympathovagal balance. 17 Therefore, we propose that vascular tone is influenced by sympathovagal imbalance that contributes to HTN status in prehypertensives. With the preference for salt, sympathovagal imbalance is intensified, which could be the major pathophysiological mechanism for increase in vascular tone that slowly progresses from normotension to prehypertension. Rate pressure product is an indirect measure of myocardial load and oxygen consumption. 26 Rate pressure product was considerably more in prehypertensive subjects compared with that of normotensive subjects, indicating that prehypertensives have more myocardial load and have higher cardiac risks compared with the normotensives.
Salt is a ubiquitous component of diets and it is difficult to change the salt-ingestion behavior of individuals. 42 No matter how salt preference is acquired, high dietary salt load and salt sensitivity of BP are associated with increased risk of cardiovascular events. 6, 43 It has been reported that cortisol metabolism is affected by salt loading, 44 HRV is decreased along with enhanced physiological stress reactivity in healthy salt-sensitive men and enhanced cortisol levels in these subjects promotes HTN. 45 It has been observed that dysregulated renin-angiotensin system activity have a significant role in salt-sensitive HTN, 46 and increase in BP induced by salt intake increases the number of renin-producing cells in the kidney. 47 Further, expression of serum and glucocorticoid-inducible kinase 1 gene, which has a central role in salt-sensitive HTN, is observed to be associated with BP and renin response to dietary salt intake. 48 A major limitation of this study is the small sample size in the prehypertensive no-saltpreference group, which might have affected the significance level between groups for various parameters. Other limitations are that we have not estimated the levels of plasma cortisol, renin and insulin and not measured the quantity of salt ingested by subjects. Inspite of these limitations, the present study emphasizes the necessity to reduce sympathetic discharge and improve vagal tone in salt-preferring individuals having BP in prehypertensive range so that the sympathovagal balance is restored in these subjects and they do not progress into the stage of clinical HTN. It is also imperative to motivate such individuals to restrict salt intake in the diet irrespective of their level of BP.
In conclusion, our study shows that salt preference is associated with sympathovagal imbalance in the form of sympathetic overactivity and vagal withdrawal. Sympathovagal imbalance is more intense in salt-preferring prehypertensive subjects compared with salt-preferring normotensive subjects. The present study also highlights that the sympathovagal imbalance in salt-preferring prehypertensive subjects is independent of BMI. It is emphasized that salt-preferring subjects should be encouraged to restrict salt intake to maintain their sympathovagal and BP homeostasis. Abbreviations: BMI, body mass index; BHR, basal heart rate; CI, confidence interval; HTN status, hypertension status; LF-HF, ratio of low frequency power to high frequency power; RPP, rate pressure product. Po0.05 is considered significant. HTN status had significant contribution to LF-HF ratio. Abbreviations: BMI, body mass index; BHR, basal heart rate; CI, confidence interval; HTN status, hypertension status; LF-HF, ratio of low frequency power to high frequency power; RPP, rte pressure product. Po0.05 is considered significant. HTN status had significant contribution to LF-HF ratio even after adjusted for BMI.
